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If the Corporation for Public Broadcasting (CPB) ^s 
eventually to serve all citizens with public radio and television, 
technological and r^gula'tory innovation will be reguired. Service to 
rural America and service to specific g^TJulps, within urban'are'as 
cannot be accomplished within th^ limits of existing technology and,,, 
existing spectrum allocation policy. Improved service can come from 
several areas, *Cable, video cassettes,- and discs can be new spectrums 
-for'new audiences, cable ca-n recreate the entire spectrum as laany 
times as there are cables, but now it is too expensive for complete 
nation-wide coverage. Video cassettes and discs are spectrtims of a 
sort which c^an relieve problems of .scheduling and transmission* in the 
airways. Yet they, and' the equipment needed with them are expensive', 
bulky, and not widely used. Communication satellites h^ve three 
potential uses toward expanding th^e broadcasting spectrum; In ord^r 
of increasing complexity aad cost/* these are the provision of: (1) 
netwdrk service to *tele visi on stations, (2) signals to Unattended 
"minist anions" loca.ted dn remote are^s of the country, and (3) . ^ 
signals to > individual home receivers; The. spectrum is the critical 
element to the' exi stence and expansion of public servipe. The cijfjrrent 
problems of the UHF band and the'^FM spectrum will be solved through 
the development and integration of new" satellites*, ^an. increased - 
efficiency in any preset spectrum usage, 'and a commitment to today* s " 
stations. (Author/DAG) 
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The CorporaMon for Public Broadcasting is 
^ charged by the Congress with effectively nuking 
nari-commercial edt^rational radio and television 
service available to all citizens. of the Uruted . 

^ States. In carryip^ out that mandate we have 
. become increasingly aware that the eventual goal 
©f serving, all citizens witB>public radio and ^ 
television will-jrequire technological and regula- 

• lory innovation. This is especially true if \\fe are 
- to serve the rural population of thi^ couq.try 

t wHich is difficult or impossibly to reach using 
conventional broadcasting techniques, and which 
heretofore has been deprived of the educational 
^nd cultural resources commdnl-^;^ available in 
the larger cities. We are also aware that the 
prograiHrriing needs of our larger cities are not 
as homogeneous as. once thought, and that there 
exists a need to provide programming to dis- 
parate, identifiable ethnic and social groups 
within a city Both of'these tasks, service t6 rural 
America and service to specific grovtps within • 
urban areas, capnot be acconnplislied within the 
limits of existing technology and existirlg 
spectrum alilocation policy. Let me explore 
the frontier of broadc^ting technology ^nd wjiat 
^ the outlook fs for providing additional service to 
* the public. 

Creating Spectrum' 

ffi:llike energy, CPB suggests lhat the 
spectrum'is a resource which can Ije ' 
rreated, ^especially for v^hat has become 
cnown as television. For all too long, the" 
small segmerit of air waves dedicat^J 
^ing information (television and radid) 
to the home^as be^n reserved for a privU^ed 
few, the commercial and public broadcasters. For 
^^sJh§ niost part] fneir^duties have been carried out 
' Responsibly wijihin the economics of today's 
marketplace.'However, the eVer increasing role 
and leverage which television.and radio have 
on^pur lives has demanded more from the air 
waves than they <:an deliver^ Now, with the 
potetntial of cable and video cassetTes and discs, . 
new spectrums'tan be created^ new users can 
emerge, and the citizens of th)<nation will be the ' 
meficihries. ^ \ ^ . • 



Cable ' 

Although coaxial cable has beeawith us 
for over,40 years, it wAs not until the 
1950s that its potential role in television 
surfaced. It'toojc another 29 yeSrs for 
engineers to realize that cable 'represents 
more than a medium of retransmissign. In fact, 
cable can recrea'te the entire relevant frequency 
spectrum The spectrum which we have learned 
to value and harbor, can be fashioYied, er^cap- 
sulated and reused as many times as we wish/by 
using more and more cables. For the broacjcast 
industry with its insatiable appetite-for spectrum, , 
. pable, and its eventual jeplacement. fiber optics, 
provide a viable solution. This, solution, however, 
may stfll be 10 to 20 years away. The econdn[iists ^ 
^ teJl us that such concepts as the "wired nation" 
, 01] the "opticaUnation" jre prohibitively expen- 
sive using today's raw'Tnaterials, manufacturing 
*' artd installatioa costs As the use of LSI tech- 
nology and advanced microminiaturization moves- 
' into cable and opticaHiber equipment, costs* will 
•be reduced. The.actucfi wiring-up process still 
remains a formidable obstacle: as does the 
enormous capital investment required fo?such a» 
program. As such, the ilnplementatibn pi these 
technologies (cable and optical fiber) likely 
awaits the economies of scale to be achieved 
through a massive, possibly government 
financed, national program dedicated to provid- 
ing a multitude of communication services to 
the home. In other words, we must look else- 
where for additional spectrum for the immediate 
future» * ' 
\ 

Discs & Cassettes 

One such awnu^is the video cassette ^d 
the videp disc Although these new 
technologies have already made some 
impact in t}\e educational ancj institutional 
field, the mass market acceptance of 
'these produces is yet to be test^. Here again, it 
is possible to look upon these devices as creating 
spectrum, but in a more limited fashion. Each 
time a user employs cassettes or discs (video or 
audio) in eifect the spectrum lias been relieve^ of 
problems of prograiljLicheduling and transmis- 
sion, these problems themselves having been 
a by-Product of the inadequate spectrumrarvail- 
able in t_he fi^st place. . 

Each medium, cassettes (tape) and dfsca-. 
(records) has its own unique advantages' and 
drawbacks 'Cassetteit»can record and be edited 
by the maker, a3 well as be reused iip to a' \ 
^oint. On the negatiVe'side, cassettes can be ex- 
O jns'ive and are subject to natural magnetic forces 



which can impair their quality>and furthermore 
.* are complicated mechanical .devices by virtue 
,of their censtruction In addition, their vfery 
facility of being a recording vehicle has raised • 
Cpmplitated questions of. copyright ^^hich may 
take years to sort out. Discs on the other hand are 
largely indestructible, kave the potential of verj- 
low cost m targe numbers, and In certain versions 
can^act as a yirtual ^torehou3Q.of infosjriation, 
standing ready \o provide ^elected information 
at th^press of a butk^n. The disc's drawbacks 
are th^^ expense to m^e a smgle or limited num- 
ber of copies, and the inability to make one's own* 
recording. Also, tlie disc can be stored easily 
requirirrg no more rdom thah an audio record, 
while tapes do t^e up significant space and ' 
must-be stored in a proper enviror>meni. While 
.discg can be stamp^, out in enOrmous quantities^ 
tapes do -not lend themselves to easy reproduc- 
tion, and the cost pf copies does not appreciably 
reduce as more copies are made. However, both, 
technologies offer interesting attractions which 
mujt be measured agamst a user's needs. W'e \ 
should no't dismiss^eith^er at this time. Cassettes 
are already in use ih many areas, a;id vide® discs 
although<not presenil^-dvailable^except on an 
experimental basis, are ejected to reach' the - 
mass Consumer market lat^ this year. The wid^- 
spreadecceptahce of either|medium will open 
the floodgates'.of television producers and * 
'artists, -and take sorrte pressOre off the gpectrum. 
HowWer, television's abilit^ to be the eyes of the 
-jlj^ion requires a J'livenes^"' unavailable, on ariy 
Wording device. Ne^s-anc^pLljblic affairs, sports, 
and the transmission of livetentertainment events 
are sjill uQimfte to television. This coupled 
the lcononfics.6f. movies and other,,theak*ical' ' ' 
events point to the use of such programs on' 
television first, and then on recorded formats sold 
to the public. V - ' . ' / ^ 

.Thus,*neither th^ advent hi cassettes nor of/ 
tapes SanT^e expected to ,'rnaterially relieve tjie • 
pressure for more televi^on avenues to the ' 
public in the immediate |utui%. But there are 
other technologies whpcb do imj^act on this arena. 

Communications Sa^tellites. 

AM' s the,subcpmrnlttee is aware, d^stribiilion 
of programmini^ to-'public radie and . 
television staliohs will shortlyiDe accom- 
^^^^L plished by multiple-channel ^tellite * 

Wi tr^msrnission rath^ than the Current 
common-carrier facilities ulil;2ing terrestrial 
microwave. Thisjunction is by no me^ns the 
onlv way in which satellites can be used in 
^ -rast service. In order 6i ascending com- 



. plexity ^nd cost! the potential uses ofsatellites in 
broadcasting include: . - • 

1. ^ Providing network Service to television sta- ' " 
tions — the function de^prtbed above. " h 

2. Providing signals to unattended "mini* 
stations" locai^ iny^'rnote areas of the countiV. .* 

3. .Pjovidlfig signalsMo.^dividualhbme , 
receil^ers, ^luoction knowp as "dixec^ateHUe-to- 
home" broadcasting. \ 

Item I, above, is'a soon iohe accqpiplished 
fact^ and wilVallow public stations aqces^ to- a • 
<3r^aler diversity of prpgram selection by virtue 
^6f the multi-channel capabilities of the satellite. 

Item 2, above, holds the promise *of meeting 
the needs of rural viewer^an4 listeners, in a 
feasible and economical fashion. At present, . 
many furaj aroes are served by radio apd tele- 
. vision translators, tinatfended devices usually*" • 
located on high terrain whiqH receive the" signals 
of a distant ^radig or television statJon, and 
^e-broadcast the signals on a different channel 
^usin^g low power transmission; ranging'from one 
wat! to 100 watts'.'Tjanslators have been valuable , 
in'extending Television^and radio coverage into 
remote areas However, they have a singular and ' 
obvious infierent disadvantage, because, for 
proper op?eratio!i, they must have a reliable 
sic^nal from a "parent" television statidrv? In many- 
rural areas, signals from such "parent" s.tatiojis, 
particularly public stations, are no\ available' 
because the closest station may be several 
hundre'd miles distant. Using^a nbw generation of 
shujile launched satellites (e.g., Syncom IV), and 
•dpeKiting in non-common carrier-bands (e.g., 2500 
MHz), Lj^-cost earth terminals can deliver high- 
quality program related signals to unattended 
"mini'powered" television stations for rebroad- 
cast jn rural areas. This type of satellite is wejl 
within today's technology and wift the firs^Space 
Shuttle flight will become an economic reality. 
Eventually ,.suc'h service could a'lso be used'to 
augment the primary networking function of the , 
syste^n being constructed today,, however, early 
satellite channel capacities are somewh'^t limited 
clue to the multi-purpose nature of the spacecraft. 
^ This delivery capability -coupled with changes 
in th6' allowable power of "mini" stations (modi-^ 
fied iransl^ors) could mak6 rural dbverage an 
imminent reality. TJie present arbitrary power 
limitations of 1 watt-VHF and FM ^translators east 
of the Mississippi and 10 watts west of the 
Mississippi, and the equajly outdated limitations 
on UHF transmitters should be eliminated and . , 
replaced with a requiremient that maximum 
power be determined on the basis of the size' of 
^ura^area to be serSed, co*nstrained;'^only h/>^* 
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the avoidance of okjjectionatle interference to 
nearby station^ * ' ^ • 

The facility previously described does not ^ 
constitute a "translator" within the commonly 
accepted definition of that term. Instead ft is a 
wedding of h s^t^ll^te earth termrnal and certain 
components of a conventicfnal translator. This 
constitutes the rrtost (easible and most ^conornical 
means of providing service to rural areas, where 
the Ipw populdtion'densiiy do^s not warrant tH^ 
installation* of a conventional wide^i;ea coverage 
station. The principle is readily adaptable to both 
radio a'nd teIevision,^and CPd studies ate cur- 
rently under way investigating the«technical, 
economic and regulatory factors associated with 
• implementation of this systeYn of exl^nding public 
Broefacastmi? service t6 rural areas. 

The third item — direc^satellite-to-home broad- 
casfing — is withm^the realm of technical 
possibility today, and is.considered as one of 
*the long term 'solutions to^delivering adequate 
public broadcasting service to Isolated rural 
areas which cannot be -economically served, at 
present, either by con^enftonal broadcast stations 
or by the pjreviously described satellite earth 
station -translator combination. However, despite 
its demonstrated technological feasibility, 
satellit^-to-home broadcasting poses some 
formidable economic and spectrum utilization ^ 
problems. The economic problem is twofold. The " 
firsf economic problem.concerns the cdsi of 
satellites which^have sufficient tranlmitter power 
to place relatively strong signals on the earth's 
isurface so that reception with a home antenna of 
.reasonable size is possible. The second economic 
problem involves fhe cost «f the receiving 
antenna and ^ohverter necessary to driver the 
satellite signal to the home television receiver. It/ 
is anticipated that both problems will yield to tech- 
nological progress* ar^d that with continued refine- 
me«tof satellite techn5logy, the costs of ho(^ the 
satellite and the receiving apparatus will Become 
more affordable. The spectrum utilization problem 
appears more serious because oHRe burgeoning 
use of sateUifes £or such commercial purposes as 
clata transmission and telephone conimunications. 
It is urged* that the ragulcitors of the spectrum 
recognize that, for manV commercial users, satel- 
lite transmission ^f Jnformatiorj constitutes merely 
a more economical alternative to the u^^ of 
terrestial radio systems and wireline com'munica- 
ti6ns, and that these less spectrum-intensive 
systems wijl meet the ne§ds of commercial users, 
albeit at greater expense. By comparison, use of 
terrestial radio or television systems or wireline 
^ tnunicatipns is not a feasible naeans of 



.delivering public broadcasting programming to 
areas of low i^opulation density. This isjiolto say 
that cQnamercial\sers should be precluded from 
use of that portionSf th^ spectrum suitable for 
satelkte servicV R^thpr, it is a plea^ihat con- *t • 
sidere<;l forethou<^ht bb given to equitable cilloca- 
^ tion of this portion of th^»?pectrum, so that when 
' direct satellite-to-home transmission of public 
broadi^asti'ng prograir^ming becomes ai^ economi- 
call^rviable pr(5j:jftsition/ffie public broadcasting 
community wilt not find Jh'at area' the spectrum 
so saturated by otKerusjfere that implementation 
pf this public service js impos$ible'6r unduly 
fi|Tiited. / / *y 

. Technblogical Adv^ances • * * 

Bnginee;^ have long lecognized'-that 
certain ofjhe^transmissi^n methods usejd 
by broadcasters are iqherenfly inefficient 
to the^ext^ntMhat.they utiirize excess 
spectrum sp^ce. Fortunately, the crisis of' 
spectrum shortage'^as arrived a.ccompanied by 
advances in. teebnology which hold, the promise 
of increasing the amount of information which 
can be "squeezed^' in tp a "giveaiinit of spectrum. 
As with most eiigin^ei;ing' matters, certain trade- 
, offs exist wheft spectrum conservation is » 
attempted, and it appears that p^pyjding addi- 
tional progmmhiing by'^aking more efficient use 
- of the* spectrum will exact costs in tReJorm of 
more complex: and hence more expehitiv^e,. \ 
receiving systems. In assessing the desirability 
of methods of makirv? acfditional Bjrogramming 
available, it*i$ imi^ortant to recognizee that the. 
traditionajysflujion of allocating more spectrum 
has nearly Ye^hed the end of its utility, and is ' 
not a vi^le solution for the long term. The alter- 
native is not between allocating more spectrum 
. or making n^pre efficient use of what spedrum • 
we have. Instead, the st^rk reality isjhe choice 
between making more efficient use oE what 
spectrum we have, or doing withqut additional 
comiriuhications service to4 -growing population 
which exhibits an almost addictive 'dependency 
on the benefits which such service confers. 
^ The are^ which appeals most in need of 
4echn,o logical innovation to improve epectrum 
uljliza^tion is bro^dca*st^television. The television 
signal as presently corv^titutedjis wasteful of 
spectrum space because much of the information 
transmitted is highly redundant in its technical 
conteripfneoretical research and some prototype 
systems have shown that eliipination of the 
redundant inforrrlation and utilization of^torqc^ 
circuitry in television receivers can reduce tele; - 
' signal sj^ectrum occupancy by yp to ten' 



times. One system do^Teloped by fne Generamec- _ 
trie Company, and denominated "Sampledot 

-lakes advantage of certain psychophysical charac- 
t^ics of the human eyejbrain complex, and ^ 

• ehminates apparent "flicker" i% a narrow band- , 
width television picture by "building a picture 
out of a series of random ^ois. rather thari using 
the hnear scan system of convenfional television 

systems. A Westii!ghouse" system c-alled . Iwo in 
One" televiSign is capable of transmitting two ■ 
separate color programs on a single television 
chatftiel. In a practicaljmplementation oi this ' 
system, a sipgle tele-Msion s'tatign dpefating on, • 
for example, Channel 5, wouldlransmit two 
prpgrams simultaneously, ««ing-the same trans- 
mitting equipment now reguirpd for the trans- - 

• mission of a singte program.The viewer* 
equipped with a special receiver rapablS;^ • 
"unmixing'' the t^o pfograms, would select the _ 

'desired program ^ tunbg his special receiver 

to "Channel 5A" oV'Channel 5B. ' ' 
. These systerjis both offer savings in spec,trum 
occupancy and in the capital cost of the trans- 
mission apparatils. The price paid for the 
resulting additional program capability js an . 
increase in the complexity,and cost of the tele- • 
visioh system which has long been the weak 
. link" with respfect-to efficiency rn spectrum ^ 
utilization. Base^l'on CPB's assesSnjent o| the ^_ 
current Htate of the art, these or similar spectrum 
conserving systems could be impleAiented lor 
consumer use within the next ten years. _ 
.. Further along the Jechnological horizon lies the 
. development.of the ttajisrriission broadcast 
television signals by digifel, fathe; than the cur- 
rent analog., means. Giver? inexpensive digita 
storage circuitry, of the type pr.eseniiy in use tor , 
computer data storage, the need tolransmit 
reduridant inform'^tion would l^geliminaied. ' 
Information presently transmittia redundantly 
'would be transmitted only once and storedjn tl^ 
television repeiver and displayed for long as ' 
■ necessary. "New" information would be trans- 

• mitted only when there was a change-in the . ^ 
television pictare. Stated otherwise, the television 
system, ihsteSd of transmitting manr duplicate ^ 
"still pictures" would transmit only "changes in 
picture content. At present, the digital circuitry to 
accomplish this funfition is bulky and ejtpensive. 

'.However, miniaturization and cost reduction iri 
electronic'aicuitry has been the rule over the^^ 

^ .past decade, and engineers today utilizeJiajid- 
heJd $100.00 digital computers, which 10 years 
ago would havlcost closte. to $1 ,000,000 and ■ 
would haue occupidd a good portion of this 

O 'tearing room. Recently, mdhy of the analog 



devices in television stations have been replaced 
by more reliable and tess costly 'digital apparatus, 
and the expansion bidigital techniques into the ! 
home television receiver, and the resultant , 
reduction in sKigctr.um occupancy requirements, 
seems an inevitable and highly desirable natural 
consequence of coRtinued research and develop- 
ment m thisiield. The long term need for addi- 
tibnal^rogramming capability within the confines 
of the lirnited available spectrum i^ intimately tied 
to the implement^ ion of digital transmission 
techniques, ai;d prpgress in this area will be 
closely followed by CPB, other ^representatives of 
the public br^adcasling»community, and the 
television industry as a whole. 

Radio, too* shares some of the spectrum ^ 
inefficiency characteristics of television, i^t not 
nearly to the same degree. However, improve- 
ments can and should be made, particularly in - 
FM broadcasting. The FM broacfcast band in thew 
United States has reached thepoin^ of saiuration\ 
jn densely populated areas, and absent .technical 
and re^<g\ilatory changes, ncj r>ew stafions can be 
established. With reapeetio the small and 
crowded fion-commercial^p.9rtion of the FM 6and, 
PPB has ad^vanced^ropos^ls for FCC rule 
changes 1hat will provide'some small nui:pber of 
*TieV additional stations. However, ih realize ^ • 

^ significantly greater numbers of non:Commerciar 
FM stations, major reetructuring of FOC technical 
standards and implementetfOn of innovative 
technology will be required. At present, each FM 
broadcast station occupies len times more spec- 
trum space than its AM (standard "broadcast) • » * 
station counterpart. By utilizing t}>is additional 
spectrum, FM sfations are able to offer better 
performance with respe^^ to a parameter known 
as "signal to noise ratio." This improvejnent * ^ 
translates into a received sound thatTs relatively 
free of common*radio impairments* collectively 
grouped %nder the heading of "noise." Prelimi- 
nary research by CPB indicates that a. reduction in 
the amount of spectrum occupied by each * 
station may be possible with only a slight 
reduction in signal to noise ratio performance. 
Turthermore,-this Slight performance deterioration 
could, be compensated foF by incorfDoration c3f 
available nojse reduction equipment such as that 
marketed by the Dolby Company and the dBx ^ 
Company, 1o name just two. The effect of the 
reduction in spectrum occupapcy^ would be to 

* provide ^'room" for additional stations whicb 
could be added by^a tetjinique we refer to as/ ^ 
"clianhel interleaving"— or placing new statioiis 
in*the spectrum "slots" which result^hen the -> 
ci^Q^^rujn occupancy of existing stations is 



reduced.'When research is complete, CPB plans 
to petition the FCC for regulataryflnplementation 
of the "channel interleaving" proposal. To date, 
this plan appears to be the only technically and 
ecor;DiTilcally {easiblelrJB^ans of relieving the 
. intolei^ble -shortage of spectrum foj: public radio. 

Conclusion ^ ^ 

To broadcasters, public and'-commercial 
alike, the spectrum is that trucial-ele.ment^ 
on which they^re dependent for th^ 
.existence and expansion of their ability 
to provide public service. Both, broad- 
-casters and the;'egulators r^usl keep paramount 
in their planning,, the cencept that spectrum 
IS a *esource„ which must be utilized to the 
limit of its efficiency Even with cairla optical 
'fibers' and video discs on the. horizon, the 
existing spectrum can and must be made to 
perform to its peak. Unless we^are prepared to - 
foreclose future expansion of service to the 
public, the force of modern technology must be 
brought to bear on the critical ^fements affecting * 
broadcastinc^ and its fnture. The development and 
integration !of new satellites, .the "optical" nation, ^ 
•the video disc, ^nd increased efficiency in our 
present usage of t^ie spectrum, as well e^s a firm 
comn\itment to today's stations are the, areas most 
in need of attention. Fo^ thaimmediate futqre, the 
. proSlems of the UHF band and the FM spectrum 
' have reached crisis proportions. Measures rpust 
^be take^ as outlined.l\ere to assure orderly 
growth and expansior^of theSe servicers as well 
*as to prepare all broadcasters for the coming * • 
re\K)lution in communications. 
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